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Salmonid Spawning Habitat Availability Survey

1.  Introduction

The TFW Monitoring Program method manual for the
Salmonid Spawning Habitat Availability (SHA) Sur-
vey provides a standard method for the assessment and
monitoring of available salmonid spawning habitat. The
criteria used to determine spawning habitat includes
substrate particle size, substrate depth, water depth,
water velocity, and surface area coverage. The SHA
Survey has two methods for estimating the amount of
spawning habitat on the TFW stream segment scale.
The transect method uses dominant substrate informa-
tion collected along systematically placed transects to
estimate the total surface area of potential spawning
habitat within the bankfull and wetted channels. The
patch method provides detailed information on the sur-
face area and distribution of individual spawning habi-
tat patches within the wetted channel. Monitoring ob-
jectives and timing of surveys are used to select whether
one or both survey methods are applied.

The remainder of the introduction section describes the
purpose of the SHA Survey, reviews scientific back-
ground information, and describes the cooperator ser-
vices provided by the TFW Monitoring Program. Fol-
lowing the introduction, sections are presented in order
of survey application including: study design, pre-sur-
vey preparation, stream discharge, survey methods,
post-survey documentation, data management, and ref-
erences. An extensive appendix is also provided that
includes field form copy masters, examples of com-
pleted field forms, a field code sheet, data management
examples, and a standard field and vehicle gear
checklist.

1.1 Purpose

The Timber-Fish-Wildlife Monitoring Program (TFW-
MP) provides standard methods for monitoring changes
and trends in salmonid spawning habitat availability.
The SHA Survey method has been approved by TFW’s
Cooperative Monitoring, Evaluation and Research
Committee (CMER) and is accepted as a standard
method for monitoring on forest lands in Washington
state by tribal governments, state natural resource agen-
cies, timber companies, environmental organizations,
and others. The purpose of the SHA Survey is to:

The relative abundance of spawning habitat is used as
an indicator of resource condition for individual moni-
toring projects and in the Watershed Analysis Fish
Habitat Assessment process (WFPB, 1996). In seg-
ments where spawning habitat is scarce, information
on hydrology, sediment supply, channel conditions, and
human activities is examined to determine why. The
survey does not attempt to document or predict actual
survival to emergence, because that objective would
require research of an intensity impractical for man-
agement purposes. Nor is it oriented towards the re-
quirements of any particular salmonid species, as spe-
cies may vary within and between stream segments
around the state.

1. Assess and monitor the availability of
potential spawning habitat within the bankfull
channel.
2. Assess and monitor the availability of actual
spawning habitat in the wetted channel at a
discharge representative of the spawning sea-
son.
3. Interpret spawning habitat availability in the
context of channel conditions and watershed
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1.2 Background

This section provides a review of the scientific litera-
ture used as the basis for the SHA Survey. Background
information includes distribution of spawning habitat
within watersheds and stream segments and
characteristics used to select spawning habitat.

1.2.1 Distribution of Spawning Habitat Within
Watersheds and Stream Segments

The distribution of spawning habitat in a stream sys-
tem is related to the physical characteristics of the stream
channel and the watershed. Factors such as geology
(Duncan and Ward, 1985; Crisp and Carling, 1989),
sediment supply (Collins and Dunne, 1990; Buffington,
1995), stream power (Benda et al., 1992; Buffington,
1995), and obstructions such as boulders and LWD
(Keller and Swanson, 1979; Kondolf et al., 1991;
Buffington, 1995) affect the abundance, particle size
distribution, and stability of spawning gravel deposits.

Within a stream reach, the area available for spawning
can limit the number of eggs successfully deposited in
the gravel, potentially limiting the size of the next gen-
eration when spawning habitat is limited (McNeil, 1964;
Allen, 1969; McFadden, 1969; Schroder, 1973;
Semenchenko, 1989). This is most likely to affect popu-
lations of pink, chum and sockeye that are typically not
limited by food and space in fresh water and often
return to spawn in large numbers (McFadden, 1969).

Land-use activities and catastrophic events affect the
distribution of spawning habitat by changing the type
or amount of sediment delivered to a stream system or
altering patterns of sediment transport and storage
within stream channels. Spawning habitat can be re-
duced by activities such as bank armoring and stabili-
zation that restrict recruitment of gravel to stream chan-
nels, construction of dams that block downstream gravel
movement, or gravel mining and stream channelization
projects that remove gravel from channels (Collins and
Dunne, 1990, Kondolf and Swanson, 1993). Large
inputs of fine sediment from logging roads can bury
spawning gravel (Platts and Megahan, 1975; Platts et
al., 1989). Splash dam operations and debris torrents
can scour away spawning gravel and obstructions such
as large woody debris, reducing potential gravel stor-
age sites (Wendler and Deschamps, 1955; Keller and
Swanson, 1979).

1.2.2 Characteristics Used to Select Spawning
Habitat

The characteristics of spawning sites vary extensively
between species and among stocks of the same species
(Miller and Brannon, 1982). Studies indicate that a
combination of factors are evaluated (Chambers, et al.,
1955), and there is a relatively wide range of accept-
able conditions for most species (Hunter, 1973). Char-
acteristics that can influence site selection include sub-
strate size, water velocity, water depth, bed compac-
tion, gravel permeability, suitable surface and sub-sur-
face flow conditions, dissolved oxygen, water tempera-
ture and proximity to cover (Burner, 1951; Briggs,
1953; Chambers et al, 1955; Vaux, 1962; Hoopes 1972;
Hunter, 1973; Heard, 1991; Kondolf and Wolman,
1993; Leman, 1993).

Factors such as substrate size, water depth, and water
velocity appear to limit where a female is physically
able to construct a redd. Body size and stamina deter-
mine the size of particles that can be moved, the ability
to work in fast water, and maneuverability in shallow
water. If there is extensive variation in the size of indi-
vidual members of a population, differences in veloc-
ity, minimum depth, and substrate preferences may be
nearly as great between members of the population as
between different stocks or species (Hunter, 1973).

Within the realm of sites where spawning is physically
possible, salmonids often select sites where sub-sur-
face flow conditions, permeability and dissolved oxy-
gen are favorable for the survival of the eggs and alevin,
and avoid locations with compacted beds and low per-
meability (Burner, 1951). Locations such as pool
tailouts (riffle crests), where the interchange of surface
water into the gravel is enhanced, are favored locations
for spawning (Briggs, 1953; Hoopes, 1972; Hunter,
1973). Some species such as chum, brook trout, sock-
eye, and rainbow trout prefer sites with up-welling
groundwater (Webster and Eiriksdottir, 1976; Sowden
and Power, 1985; Burgner, 1991; Leman, 1993; Curry
et al., 1994). Other site selection criteria, such as prox-
imity to cover and suitable holding habitat enhance the
survival of the female.

The proximity to habitat needed by young fish after
incubation can also be a factor in site selection. This
strategy reduces juvenile mortality by providing quick
access to food and cover resources. For example, coho
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often spawn in tributaries throughout a river system,
allowing their young to disperse and rear in stream chan-
nels of various sizes. Sockeye often restrict spawning
to inlet or outlet streams of the rearing lakes needed by
their young.

1.2.3 Salmonid Body Size and Spawning Habitat
Gravel Size Class Relationship

In the SHA Survey, the most important parameter for
identifying spawning habitat in the stream channel is
dominant substrate particle size. The two spawning
gravel size classes used in this survey (Table 1) are
based on empirical relationships between body size and
substrate particle sizes found in spawning redds
(Kondolf and Wolman, 1993).

Small-bodied salmonids are defined as species that are
typically less than 35 cm long when mature, including
resident rainbow, resident cutthroat, anadromous cut-
throat, bull trout (dolly varden), brown trout, brook
trout, and kokanee. These fish spawn in gravel that is
generally between 8 mm and 64 mm in size. Large-
bodied salmonids are defined as species that are typi-
cally greater than 35 cm when mature, including pink,
chum, coho, sockeye, steelhead, and chinook salmon.
These fish spawn in gravel that is generally between
8 mm and 128 mm in size.

1.3 Cooperator Services

The TFW Monitoring Program provides a comprehen-
sive suite of services to support TFW cooperators col-
lecting data consistent with program goals. Services
include study design assistance, pre-season training
through annual workshops and on-site visits, pre-sea-
son quality assurance reviews, data entry systems, sum-
mary reports of monitoring results, and database/data
archiving services. These services are offered free of
charge. TFW method manuals are available for the
following surveys:

To find out more about TFW Monitoring Program  ser-
vices and products, contact us or visit our link on the
NWIFC homepage. The address is:

TFW Monitoring Program
Northwest Indian Fisheries Commission

6730 Martin Way East
Olympia, WA 98516

Ph: (360) 438-1180
Fax: (360) 753-8659

Internet site:
www.nwifc.wa.gov

TFW Manuals
��Stream Segment Identification
��Reference Point Survey
��Habitat Unit Survey
��Large Woody Debris Survey
��Stream Temperature Survey
��Spawning Gravel Composition Survey
��Spawning Habitat Availability Survey
��Spawning Gravel Scour Survey
��Wadable Stream Discharge Meas. Method

Table 1.  Particle size classification by size range
and salmon use.

Particle Size
Class

Size Range
(mm) Salmon Usage

Small
Spawning

Gravel
≥ 8 – 64 All Salmonids

Large
Spawning

Gravel
≥ 64 - 128

Large-Bodied
Salmonids
(≥ 35 cm)



TFW Monitoring Program - November 1999

Salmonid Spawning Habitat Availability  Survey4

2.  Study Design

A well designed monitoring study  identifies changes in
channel characteristics over time due to land manage-
ment or natural disturbances. Poorly designed studies
detect changes that are the result of differences in crew
method application or changes in sampling location.
Effective monitoring study designs require rigorous
planning, documentation, and consistency in methods,
method application, and data analysis. This ensures that
the monitoring data produced meets the objectives of
the project and monitoring plan.

Developing a study design involves identifying moni-
toring segments, selecting a survey method, timing of
surveys, reviewing survey modification options, and
planning for pre-season crew training and quality
assurance reviews.

2.1 Identifying Monitoring Segments

The SHA Survey uses the TFW stream segment as the
fundamental unit of analysis for characterizing spawn-
ing habitat availability and other characteristics. A basic
step in study design development is identifying a group
of candidate segments from which to select suitable
monitoring segments or sub-segments.

The TFW method identifies stream segments based on
gradient, valley confinement, and flow. A USGS 7.5
minute topographic map (photocopy worksheet) with
delineated segments is required for this part of the study
design development. Many streams have already been
segmented through past TFW monitoring projects,
Watershed Analysis processes, and the Salmon and
Steelhead Habitat Inventory and Assessment Project
(SSHIAP). If the stream has not been pre-segmented,
or pre-segmented boundaries are not suitable for your
monitoring plan, partition the river system into stream
segments or sub-segments using the TFW Monitoring
Stream Segment Identification method (Pleus and
Schuett-Hames, 1998a) before continuing. Segment
data documented on Form 1 and USGS topographic
maps are required for data tracking and to provide im-
portant information for identifying segment boundary
locations and access points.

2.2 Survey Method Options

The SHA Survey has two options for estimating the
amount of available salmonid spawning habitat on a
stream segment scale. The first option is the transect
survey that uses dominant substrate information col-
lected along transects to estimate the total surface area
of potential spawning habitat in the bankfull and wet-
ted channel (optional). The second option is the patch
survey that provides more detailed information on the
surface area and distribution of individual spawning
habitat patches in the wetted channel. Table 2 provides
a summary of the information that can be produced by
the transect and patch surveys.

The transect survey involves collecting dominant sub-
strate information along transects established across
the bankfull channel at regular intervals in the stream
segment. This produces estimates of the total surface
area dominated by various size classes of substrate in
the bankfull channel. Bankfull channel area is also
measured so the percentage of the channel dominated
by various size classes can be calculated. Potential
spawning habitat is estimated based on the amount of
small and large spawning gravel in the bankfull chan-
nel. This is potential spawning habitat because fluc-
tuations in discharge may prevent some spawning gravel
in the bankfull channel from being available to fish
during the spawning season. Potential spawning habi-
tat estimates are independent of discharge, so they are
useful for comparing segments or monitoring condi-
tions throughout a watershed.  Wetted channel width
and substrate in the wetted channel can also be mea-
sured to get a rough estimate of actual spawning
habitat at a particular discharge.

The patch survey provides an accurate measure of
spawning habitat available at a particular discharge,
but takes more time than the transect survey. It involves
detailed surface area measurements of individual spawn-
ing habitat patches in the wetted channel. Spawning
habitat patch data are used to calculate the surface area
and distribution of individual spawning habitat patches
and the area of actual spawning habitat available at the
discharge when the survey was conducted. They can
be used to develop estimates of production in specific
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stream segments. Total wetted area is measured so
that percentage of the wetted channel dominated by
spawning habitat can be calculated.

2.3 Timing of Surveys

If monitoring will be focused on one or more salmonid
stocks, then it is useful to know the distribution of those
stocks throughout the watershed, the type of spawning
habitat they prefer, and the time of year they spawn.
The transect survey should be conducted at flow levels
typical of the spawning period for the stock of interest
if wetted channel information is being collected. If the
only information needed is the potential spawning habi-
tat in the bankfull channel, the transect survey can be
conducted at any time of year, although summer would
be the easiest due to low flows.

The patch survey should be conducted at flow levels
typical of the spawning period for the stock of interest.
This is generally easiest to accomplish immediately prior
to the spawning season, although surveys should not
be completed when fish are actually spawning. It may
be helpful to review historical gauging station records
to determine the range of discharges that typically oc-
cur during the spawning season, and make sure the
survey is completed when the discharge is within that
range. Surveys completed at different times on the same
stream segment must be conducted at the same discharge
(+/- 10%) for results to be comparable.

2.4 Study Design Based on Project Objectives

When designing a SHA monitoring study, it is impor-
tant to carefully identify the monitoring objectives. For
the project to be successful, it must be designed to
achieve these objectives. Common objectives for SHA
monitoring studies on forest lands include assessing the
distribution of spawning habitat throughout a water-
shed, estimating the spawning habitat available for spe-
cific salmonid stocks, and monitoring spawning
habitat availability for Watershed Analysis.

Objective 1:  Assess the distribution of spawning
habitat throughout a watershed to either
compare segements that have specific
characteristics or to identify segments with
spawning gravel.

Monitoring segments should be randomly selected from
throughout a watershed or from a group of streams with
specific characteristics. For example, a random sample
of stream segments could be chosen from streams in
three different gradient classes. The channel assessment
from Watershed Analysis or the Stream Segment Iden-
tification Method can be useful for identifying segments
to choose from.

For these purposes, the spawning habitat transect sur-
vey is recommended because potential spawning
habitat information is easier to collect and more useful
for comparison between segments.

Table 2.  Information produced using the SHA Transect and Patch Survey method options.

Metrics Transect
Survey

Patch
Survey

Total surface area of spawning habitat in wetted channel X X*

Total surface area of potential spawning habitat in bankfull channel X

Percent wetted channel dominated by spawning gravel X X*

Percent bankfull channel dominated by spawning gravel X

Percent bankfull channel dominated by various size classes other than spawning
gravel

X

Surface area and distribution of individual spawning habitat patches in wetted
channel X

* Surface area measurements taken with the patch survey are more accurate than those taken with the
transect survey.
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Objective 2:  Estimate the spawning habitat available
for specific salmonid stocks to make estimates
of production or to evaluate limiting factors.

Segments should be selected from principal production
areas or from streams throughout the range of the salmo-
nid stocks. To evaluate limiting factors, it may be de-
sirable to focus on segments with suspected limited
spawning gravel or segments susceptible to gravel scour.
Results of spawning ground surveys or information
from local experts may be useful for finding streams
with these characteristics.

For this purpose, the spawning habitat patch survey is
recommended because it provides the most accurate
information on spawning habitat available to fish
during the spawning season.

Objective 3: Monitor spawning habitat
availability for Watershed Analysis.

Stream segments can be selected using the procedures
described above, or the selection process can be tai-
lored to meet specific Watershed Analysis objectives.
For example, to evaluate channel response of changes
in watershed inputs or to monitor the effectiveness of
forest practice prescriptions, segments are selected
based on their likely response to those factors. Water-
shed Analysis causal mechanism reports and knowl-
edge of where prescriptions have been applied can be
useful.

Either survey can be used for watershed analysis moni-
toring, depending on the issue that is being addressed.
For a preliminary assessment of the watershed or to
compare stream segments, the transect survey is used.
The transect survey is also used if assessments must be
performed at a time of year when stream flows are not
representative of the spawning season. The patch sur-
vey is used if specific salmonid stocks or production
areas have been identified for monitoring.

2.5 Survey Modification Options

Data collected using the SHA Survey methods are sup-
ported by the TFW-MP database and are used to pro-
duce standard data analysis summary reports. Data
collected using these methods can be compared with
other data collected using the same methods from
around the state. Modifying the SHA Survey to collect

data on additional parameters that meet individual co-
operator needs is acceptable if it does not compromise
the integrity of the core parameters. Survey modifica-
tions are defined as any change to the core criteria and
methods as documented in the latest version of the
TFW method manual. In other words, data collected
using the modified method would not be comparable at
some level with data collected using the methods and
criteria as stated in the manual.

For example, a cooperator interested in collecting data
on spawning gravel patches with 8 to 32 millimeter
dominant substrate size criteria must also collect data
on patches with 32 to 64 millimeter spawning gravel.
When combined, this data meets the core TFW-MP
minimum requirements. Supplemental information can
also be collected on additional parameters, as long as
the core information is collected. Examples include
associated geomorphic or habitat units, factors caus-
ing patch formation, embeddedness, and proximity to
holding habitat and cover. No guidance for measuring
these optional parameters is provided in the manual.
Analysis of modified data is the responsibility of the
cooperator.

There are two levels at which modification documenta-
tion is important. The first is to qualify data collected
on the field forms and the second is to qualify data
entered into the TFW database. Documentation in the
Survey Notes sections of Form 9.0 allows accurate in-
terpretation of field data. It is feasible to have the field
forms flagged as modified, but not the database where
core data has been extracted by the cooperator before
data entry. Documentation of modification in the data-
base allows accurate interpretation of affected param-
eters and calculations on summary reports. However,
in most situations modified data cannot be entered into
the database due to validation checks.

The field forms provided in the manuals have been de-
signed for consistent and accurate recording of SHA
Survey data. The forms have been refined based on
research and monitoring experience to reduce data er-
rors caused by factors such as legibility, required pa-
rameter field calculations, and data transfer during da-
tabase entry. The field forms can usually accommo-
date the collection of additional parameter data, thus
limiting the necessity of cooperators to modify or cre-
ate new forms. Contact the TFW Monitoring Program
for assistance in modifying the methods to ensure data
integrity and compatibility.
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2.6 Pre-Season Crew Training and Quality
Assurance Review

Cooperators are strongly encouraged call the TFW
Monitoring Program to make appointments for pre-
season training and quality assurance (QA) reviews.
This ensures that field crews are applying survey meth-
ods correctly from the start and that the highest quality
data is being collected throughout the survey. Training
should be repeated annually to learn new methods, tech-
niques, or simply refresh skills. QA reviews should be
repeated seasonally to maintain documentation and to
refresh survey skills.
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3.  Pre-Survey Preparation

This section describes all necessary survey equipment
and materials required for field crews to complete the
field portion of the SHA Survey. These lists are not
intended to cover all possible survey equipment and
materials that could be of use.

3.1 Survey Equipment

Acquire, check, and calibrate survey equipment well
before the date the survey is scheduled to begin. The
following list of survey equipment contains items nec-
essary for crews to conduct the SHA Survey. The
equipment includes:

The use of metric measurement equipment complies
with standard scientific methods. Mixing measurement
unit types (metric/English) within a survey is strongly
discouraged due to potential for multiple conversion
errors. If using English units, all measurements must
be converted to metric units before entry into the TFW-
MP database. The cost of purchasing metric equipment
is often offset by savings in personnel time and effort

required to convert from English to metric units. It also
results in the highest quality data due to avoidance of
errors during conversion of large data sets.

Check all measurement equipment for damage before
using. Calibrate all measurement equipment to a stan-
dard of known accuracy before and after the survey to
ensure that the instruments provided accurate data
during collection.

3.2 Survey Materials

Survey materials are those items necessary for crews
to locate and document the stream segment and access
points, site conditions, and for recording field data. This
list does not cover all possible materials. The basic
materials include:

Start by gathering and organizing stream site access
information and working on logistical factors. This in-
cludes: obtaining directions and maps; contacting land-
owners and securing permission to access property;
acquiring necessary permits and passes; and determin-
ing if the access roads are gated and get gate keys or
make necessary arrangements with landowner to open
access. Next, begin the survey documentation by pre-
paring and filling-out header and field data forms.  Refer
to Appendix B for examples of  completed field forms.

Survey Equipment

Channel Width Measurement
��Hip chain (w/bio-degradable string)
��Measurement tape
     (30 - 50 m: accuracy ± 0.10 m)
��Measuring rod
     (5 - 7 m: accuracy ± 0.01 m)
��Measuring tape anchoring pins & spring clips
��Standard field and vehicle gear (Appendix C)

Transect Survey
��All channel width measurement equipment
��Calipers or plastic ruler
     (≥ 150 mm: accuracy ± 1 mm)

Patch Survey
��All channel width measurement equipment
��All channel width measurement equipment
��25 wire stake flags and carrier
     (assorted 21” to 36”)

Survey Materials

��USGS 7.5 minute topographic map
      photocopy worksheet
��Road map
��Copy of Segment Identification Form  1.0 and
     Reference Point Survey Form 2.0
��Copy of SHA Forms 9.0, 9.1, 9.2, and 9.3 as
      needed (Appendix A)
��Copy of SHA Criteria and Code Field Sheet
     (Appendix C)
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3.2.1 SHA Survey “HEADER INFORMATION”
Form 9.0

A new Form 9.0 is completed for each segment sur-
veyed. Use the Form 9.0 copy master to make a copy
on regular white paper (Figure 1). Most header infor-
mation can be copied directly from the segment’s com-
pleted Form 1. The Water Resource Inventory Area
number (WRIA #), unlisted tributary number (Unlisted
Trib), segment number (Segment #), Sub-Segment
Code, and Begin Survey Date (“Study Design Infor-
mation” section) are key fields used to identify unique
monitoring segments for the TFW-MP database. Refer
to the Stream Segment Identification method manual
for more information if needed (Pleus and Schuett-
Hames, 1998a).

Header Section

Stream Name:  Record the WRIA-designated stream
name. Use “Unnamed” where appropriate.

WRIA #:  Record the six digit Water Resource
Inventory Area (WRIA) number (00.0000).

Unlisted Trib: Only streams without assigned WRIA
numbers require unlisted tributary numbers. For streams
with WRIA numbers, fill this space with three zeros
(000). For unlisted tributaries, record the previously
identified three digit cooperator-designated unlisted
tributary number (001 - 999) and mark the appropriate
right or left bank (RB/LB) circle.

Segment #:  Record the one to three digit segment
number (1 - 999).

Sub-Segment Code:  If the survey reach is a sub-seg-
ment, record the number or letter character sub-seg-
ment code (1 - 99 or a - zz). Record a “0” if not a
sub-segment.

Date:  Enter the date this form is being filled-out.

Survey Crew Section

Record the names and affiliations of the lead, recorder,
and other field crew involved in data collection for the
survey. Affiliations correspond to employers such as a
tribe, government agency, industry, environmental
group, consulting company, etc. Record the most re-
cent year that the lead crew person received official
TFW Monitoring Program on-site and/or annual work-
shop LWD training, and/or a QA Review. Note any
other relevant training or field experience in the Survey
Notes section.

Study Design Information

Begin/End Survey Dates:  Record the dates based on
Forms 9.1, 9.2, and 9.3 that SHA Survey field data
collection began and ended for that segment. The
Begin Survey Date is a key database field used to track
and identify this specific survey.

Survey Length: Where the entire segment was surveyed,
record the segment length as documented in total cu-
mulative distance on Form 9.1, or from the Study De-
sign Information section on the Reference Point Sur-
vey Form 2H. Where only portions of the segment were
surveyed (see partial coverage below), record the total
length of reach actually surveyed within the segment.

Survey Coverage:  Fill-in the survey’s coverage circle
and percentage of the survey length that best applies to
the survey. Mark WHL if the whole or entire segment
or sub-segment was inventoried for sample collection
(100%). Mark PRT if the survey was applied on a con-
secutive length of a partial segment/sub-segment. For
example, where only the first 500 meters of a 2,000-
meter-length segment will be inventoried for sample
collection (25%). Mark SUB if the survey was applied
using a random or systematic placement sub-sampling
strategy. For example, where every other 100 meter
interval reach will be inventoried for sample collection

Figure 1.  SHA Survey “HEADER INFORMATION”
Form 9.0.
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(50%). Mark PSB if a combination of PRT and SUB
was applied. Mark OTH if your study design differs
from the above.

Partial/Other Survey Location: These locations are as-
sociated with survey length lower and upper bound-
aries - that is, the boundaries encompassing the section
of stream actually surveyed. Record the WRIA river/
stream mile locations to the nearest tenth of a mile (0.0
- 9999.9) and reference point numbers (0 - 9999).

Sample Method Information

Core Survey Coverage: Fill in the circle(s) correspond-
ing to the method(s) applied on the segment during this
survey. Options include transect, transect plus wetted
channel information (+ wet), and patch methods.

Transect Intervals: Record the interval distance used
between transects. The most common intervals are 25,
50, and 100 meters.

Survey Criteria: Fill in the circle corresponding to
whether the criteria and procedures used during the
survey were TFW, Modified TFW, or Non-TFW. For
modified and non-TFW surveys, list the additions or
changes in the Survey Notes section.

Discharge Information

Record all date and discharge measurements from
Forms 7.0 and 7.1 that apply to this survey. If discharge
was not taken, write “N/A” in the box.

Equipment Section

As equipment is selected for conducting the survey,
document the equipment type, size, condition, measure-
ment accuracy, and pre-survey calibration dates as in-
dicated. Mark the appropriate circle corresponding to
whether equipment is in metric or English units. Docu-
ment the type of wading gear used (wet/knee/hip/chest/
dry/swim/etc.). Document any other measurement
equipment used during the survey.

Select wading gear to accommodate stream and survey
conditions. On most streams, having one crew member
with chest waders is important for access to, and tak-
ing measurements along the deeper parts of the chan-
nels. Having only knee or hip boots for a larger stream
can result in under-estimation of unit surface areas and

residual pool depths. However, it is important to note
that use of chest waders in fast flowing streams can be
dangerous. Also consider future repeatability of each
option. For example, wading wet or swimming may be
acceptable to crews one year, but may not be an option
the next time.

Survey Notes Section

Record driving and access directions sufficient for a
person unfamiliar with the area to locate the tempera-
ture station area. This section is also used to provided
brief notes related to unique survey conditions and prob-
lems encountered. Note any additional parameters and
modifications made to the TFW-MP TEMP Survey
procedure used to meet individual cooperator needs.
Additional information can be included on the back of
the form or on separate sheets of paper.

Error Checking Documentation Section

The section on documenting error checking procedures
(lower right-hand corner of form) will be covered in
the Post-Survey Documentation section.

3.2.2 SHA “CHANNEL WIDTH DATA” Form 9.1;
SHA “TRANSECT DATA” Form 9.2; and
SHA “PATCH DATA” Form 9.3

Use copy master(s) as needed for the specified surveys
to make one copy on regular white paper for additional
copying purposes (Figure 2). Record the Stream Name/
WRIA #/Unlisted Trib/Segment #/Sub-Segment Code
as documented on Form 9.0. Fill in the circle corre-
sponding to whether measurement units will be recorded
in meters or feet. Record the initials of the crew lead
and other crew in the spaces provided in the upper right-
hand corner. Leave the “Page __ of __” and “Date”
spaces blank as they are recorded in the field during
the survey.

Use these copies to make multiple field copies onto wa-
terproof paper. This process eliminates the need to fill
out all header information on each form. Copies can be
made single-sided or duplex.
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3.2.3 SHA Criteria and Code Field Sheet

Use the copy master to make one copy on waterproof
paper (Figure 3). Laminating this sheet will prolong its
usefulness. This sheet provides all pertinent survey cri-
teria and documentation codes including a complete key
piece volume matrix for quick and easy reference in
the field.

Figure 2.  SHA Survey “CHANNEL WIDTH DATA”
Form 9.1, “TRANSECT DATA” Form 9.2, and
“PATCH DATA” Form 9.3.

Figure 3.  SHA Survey “CRITERIA & CODE FIELD
SHEET.”
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4.  Stream Discharge Measurement

Information collected in the wetted channel is highly
dependent on flow conditions. For this reason, when-
ever wetted channel information is collected on a stream
segment, it is essential to collect discharge informa-
tion. This information will help determine whether the
discharge at the time of the survey is representative of
flows during the spawning season, and whether sur-
veys completed in different years can be compared. In
the SHA Survey, a discharge measurement is always
needed for the patch survey, but it is only needed for
the transect survey if the optional wetted channel infor-
mation is collected. If the intent is only to use the transect
survey to estimate potential spawning habitat in the
bankfull channel, then no discharge measurement is
necessary.

Discharge measurements are taken using the TFW
Monitoring Program Wadable Stream Discharge Mea-
surement method (Pleus, 1999). Stream discharge mea-
surements are recorded using WSDM Forms 7.0 and
7.1, and the results are then copied onto SHA
Form 9.0. It is important that the rest of the survey be
completed as soon after the discharge measurement as
possible. If the discharge changes substantially over
the course of the survey, then the data should be thrown
out, and the segment is re-surveyed at a more stable
discharge. Repeating the discharge measurement at the
end of each survey could provide helpful information
for making this decision.
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5.  SHA Survey Methods

This section provides procedures for conducting the
SHA Survey using either the transect or patch method
options. This section can be copied for crews to take
out into the field for referencing specific procedures.
Forms 9.1, 9.2, and 9.3 have been designed to record,
organize, and track the information gathered using these
methods.

The first step in conducting either the transect or patch
survey is to establish transects at systematic intervals
throughout the stream segment. Channel width infor-
mation is then collected at each transect. If the transects
survey is being done, substrate data is collected along
the same measurement transects. If the patch survey is
being done, patch data is collected within the wetted
channel interval between two consecutive transects.

The section is divided into three parts including: 1) chan-
nel width measurement procedure; 2) SHA transect
survey procedure; and 3) SHA patch survey procedure.
The SHA Survey method will be explained as if a crew
were conducting the survey for the first time on one
stream segment within a watershed. This procedure can
be applied on a watershed level by systematically
following the same methods segment by segment.

5.1 Channel Width Measurement Procedure

The SHA channel width measurement procedure is con-
ducted in coordination with both the transect and patch
surveys. Channel width measurement data is recorded
on Form 9.1. There are five basic steps to the channel
width measurement procedure including: 1) establish
transect points at systematic intervals; 2) establish the
transect orientation line; 3) establish the transect and
measure bankfull width; 4) measure wetted width (op-
tional for transect survey); and 5) transect and patch
survey options.

Step 1:      Establish transect points at systematic
     intervals.

Table 3 shows the transect intervals recommended to
capture channel variability for various stream segment
lengths.

The first transect placement is at the lower boundary
of the stream segment or sub-segment. Place a weighted
flag to identify the approximate boundary midpoint
within the bankfull channel. Record the transect num-
ber in the Tran # column. Transect numbers are as-
signed sequentially in ascending order starting with
number “1.” Record transect location as measured dis-
tance from the downstream segment boundary along
the center of the bankfull channel in the Cum Dist col-
umn. The cumulative distance for Tran # 1 at the lower
segment boundary is always “0”. The cumulative dis-
tance for the last transect at the upper segment bound-
ary is always the total distance measured between the
lower and upper segment boundaries.

Cumulative Distance Measurement Technique

Cumulative distance is measured along the center line
of the bankfull channel using the following technique.
After completing Step 5, anchor the end of the hip chain
line to an object at the transect interval’s midpoint in
the bankfull channel. Proceed up the center of the pri-
mary bankfull channel, staying midway between the
banks and following the curvature of the channel
(Figure 4). Anchor the hip chain line to objects along
the channel to maintain proper position, especially when
going around channel meanders. Pieces of branches
pushed into the gravel are useful as anchor points. Fol-
low the center line within the limits of personal safety
and accessibility. The priority is to collect objective
spawning habitat data by locating measurement
transects at systematic cumulative distance intervals

Table 3.  Recommended transect intervals by
stream segment length.

Segment Length Transect Interval (m)

< 100 10% of length

≥ 100 - 500 25

≥ 500 - 2500 50

≥ 2500 100
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taken from Table 3 (e.g., 0, 25, 50, 75, ...; 0, 50, 100,
150, ...; or 0, 100, 200, 300, ...). When the interval
distance has been reached, place a weighted flag to iden-
tify its approximate boundary midpoint within the
bankfull channel.

Upper Segment Boundary Transect Placement
Technique

Transects are established until the distance between the
last transect and the upper segment boundary is less
than one-half, and no greater than one and one-half the
interval distance. If the distance between the previous
transect and the upstream boundary is less than one
and a half intervals (i.e., < 37.5 m for a 25 m interval
frequency), the last transect location is the upstream
boundary. If the distance is more than one and a half
intervals (≥ 37.5 m), establish transects at both the 25
meter and upstream boundary locations. Always pick
up used hip chain line by the end of your survey as part
of keeping the stream clean and to prevent injury to
wildlife.

Step 2:      Establish the transect orientation line.

At each transect interval point, orient and mark the
transect measurement line at a 90 degree angle to the
center line of the bankfull channel. For multiple chan-
nel situations, transects are oriented at a 90 degree angle
to the centerline of the adjacent and/or side channels.

Transect Orientation Technique

Using the transect interval point flag as a focal point,
orient the transect line perpendicular to an imaginary
line stretched up the center of the bankfull channel.
Transect orientation can be determined using the fol-
lowing technique. Hold an extended stadia rod or other
straight pole in front of your body so that the rod is
parallel to squared shoulders. Start 5 to 10 meters be-
low the boundary or transect interval marker and walk
upstream along the center of the bankfull channel
(Figure 5). When the stadia rod crosses the transect
interval point flag, stop and use the rod as a sighting
tool to identify and mark an orientation point on one
bank. Repeat this process by starting above the transect
marker and walking downstream. Mark a second ori-
entation point on the same bank if different from the
first. If the difference is large (> 1 m), repeat the entire
process. If the differences are small or can not be

Figure 4.  Transect intervals are measured along
the center line of the bankfull channel.
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resolved, use the midpoint between the two for the
transect orientation point. A line drawn from the bank
marker through the transect interval point marker forms
the basis of a transect that is oriented at a 90 degree
angle to the channel center line. Place flags or tie flag-
ging on to vegetation where the line crosses the other
bank.

Step 3:      Establish the transect and measure
     bankfull width.

Identify the edges of the bankfull channel along the
transect line, secure the measurement tape, and record
the transect’s bankfull width in the BFW column to the
nearest 0.1 meter. Do not remove the bankfull width
measuring tape until after Step 5.

Bankfull Channel Edge Identification Techniques

Start on the bank with the best bankfull channel edge
(BFCE) indicators. BFCE identification and bankfull
width measurement use the same criteria and protocol
as found in the Reference Point Survey (Pleus and
Schuett-Hames, 1998b). Apply the confidence/default
technique to identify the location of the BFCE using
floodplain level, bank morphology and composition, and
vegetation indicators. Begin by observing indicators
from within the bankfull channel towards its suspected
edge and mark the point on the bank with a wire flag or
stick where you are no longer 100% confident in being
within or below the BFCE elevation. Then, walk around
to observe indicators from outside/above the bankfull
channel towards the channel’s suspected BFCE. Mark
the point on the bank where you are no longer 100%
confident in being on the floodplain or above the BFCE
elevation. Reassess the indicators and confidence lev-
els and make any adjustments. The default BFCE
boundary is the point in elevation midway between the
other two markings.

Follow the same procedure to mark the BFCE on the
opposite bank. In situations where it is not possible to
accurately identify the BFCE along the opposite bank,
use a torpedo level to extend a level line horizontally
across the channel from the bank with good indicators
to determine the BFCE on the bank lacking indicators.
This often occurs on the outside bank of a meander
bend. Once secured, the distance between the BFCEs
is the bankfull width.

Difficult Situations

LWD and Other Measurement Obstructions: Measure
or estimate bankfull widths as closely as possible as if
the obstructions did not exist and record the estimated
accurately in the Field Notes column (e.g., +/- 0.5 m,
1.0 m, 5.0 m etc.). Use the confidence/default
technique for complex situations.

Beaver Ponds and Undercut banks: Where transect line
crosses a beaver pond and the water level is above the
edges of the bankfull channel, the bankfull and wetted
channel widths are the same. Where a transect line
crosses an undercut bank and the bankfull channel edge
is obscured, use the confidence/default technique to
identify a measuring point.

Figure 5.  Transect orientation technique using an
extended stadia rod or other straight pole.
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Multiple Channel Transects: Multiple channels include
wetted or dry side channels connected to the primary
low flow channel, but separated by gravel bars and is-
lands that are higher than bankfull height. Where mul-
tiple channels are encountered along a transect line, the
transect number stays the same, but each channel’s
bankfull widths are recorded on separate rows. Com-
plete Steps 1-5 starting at the primary channel before
doing the same at adjacent and side channel transects.
When all portions of the channel have been measured,
use the next blank row to record the calculated bankfull
width total and circle it. Only the totals are entered into
the database for that transect number.

Large Obstructions:  In rare situations, large obstruc-
tions or crew safety may prevent even an objective es-
timation of bankfull width measurement at the interval
point. The rule for adjusting the transect location is
that no two transects can be placed closer than a half-
interval distance. If the closest viable point downstream
is less than half an interval from the previous one, go
upstream of the obstruction to the first viable point.
Resume the systematic interval placements from this
point. Cumulative distances reflect the placement of
the adjusted transects along the bankfull channel cen-
ter line. If the obstruction exists at a segment bound-
ary, transect adjustments must be made so that mea-
surements are taken at the nearest point within the seg-
ment boundaries. Adjustments are NOT reflected in the
cumulative distance readings, but are identified in the
Field Notes column. If the nearest viable point for
making an objective estimation is more than a half-
interval distance from the segment boundary, a
subjective estimation is allowed.

Step 4.      Measure wetted width (optional for
     transect survey).

Identify and measure the widths of all wetted portions
along the bankfull channel transect line (width under
the bankfull width measuring tape) and record them to
the nearest 0.1 meter in the Wetted Width (Measure-
ments) column brackets. These measurements are not
required to be at a 90 degree angle to the wetted chan-
nel center line. Calculate the total wetted width for the
transect by adding together all individual wetted width
measurements and record to the nearest 0.1 meter in
the Wetted Width (Total) column.

Identification Technique

From the thalweg out, the wetted edge is the point where
the substrate particles are no longer completely sur-
rounded by water or the water is restricted to small,
isolated pockets. Refer to the TFW Habitat Unit Sur-
vey (Pleus et al., 1999) for more detailed information
on identifying wetted channel edge boundaries. If con-
ducting the Transect Survey, use a stadia rod held plumb
with the wetted edge to mark their locations along the
tape with a clip or flagging.

Difficult Situations

Measurement Obstructions: Measure or estimate wet-
ted widths as closely as possible as if the obstructions
did not exist and record the estimated accurately in the
Field Notes column (e.g., +/- 0.5 m, 1.0 m, 5.0 m etc.).
Use the confidence/default technique for complex
situations.

Multiple Channel Transects: Where multiple channels
are encountered along a transect line, the transect num-
ber stays the same, but each channel’s wetted widths
are recorded on separate rows. Complete Steps 1-5 start-
ing at the primary channel before doing the same at
adjacent and side channel transects. When all portions
of the channel have been measured, use the next blank
row to record the calculated wetted width total and circle
it. Only the totals are entered into the database for that
transect number.

Step 5.     Transect and patch survey options.

Depending on whether the transect and/or patch sur-
veys are being conducted, different options are
presented.

Transect Survey: Do not remove the bankfull width
measuring tape and skip to the “SHA Transect Survey
Procedure” section. When the transect survey has been
completed on that transect, return to this section and
repeat Steps 1-5. Repeat this process until the end of
the segment.

Patch Survey: Mark the location of the transect line
across all wetted channels (including multiple channel
situations) with flagging and remove the bankfull width
tape. If this is the lower segment boundary transect,
repeat Steps 1-5 to establish and collect channel width
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data at the next transect interval. If  this is the next
sequential interval transect, skip to the SHA Patch Sur-
vey Procedure section and conduct the patch survey
between the last and present transect lines. When the
patch survey has been completed, return to this section
and repeat Steps 1-5 to establish and collect channel
width data at the next transect interval. Repeat this
process until the end of the segment.

5.2 SHA Transect Survey Procedure

The SHA transect procedure requires collecting infor-
mation on dominant substrate within the bankfull chan-
nel and along the transects established in the channel
width measurement procedure. Transect Survey field
data is recorded on Form 9.2. If desired, data on sub-
strate located within the wetted portion of the channel
can be recorded separately from that outside the wetted
portion of the channel. If the wetted portion is sepa-
rated out, this requires taking a discharge measurement
(see Stream Discharge Measurement section) and col-
lecting wetted channel width information on Form 9.1
as described in the Channel Width Measurement
Procedure section above.

There are two basic steps to the transect survey proce-
dure including: 1) identify and mark areas dominated
by individual particle size classes; 2) identify and mark
size class boundaries; and 3) record size class width
data. After completing Steps 1-3, return to the Channel
Width Measurement Procedure section to establish the
next transect.

Step 1:      Identify and mark areas dominated by
     individual particle size classes.

This step is divided into three tasks. The first task is to
identify dominant size class areas along the transect.
The second task is to identify the boundary between
each size class area. The third task is to record the size
class code and width of each size class along the
transect.

Dominant size class identification technique

Once a transect has been established, inspect the area
along the tape and identify areas of dominant substrate
that intersect the transect directly below the bankfull
width tape. When determining the dominant substrate
particle size class, it is important to focus on the sur-
face area occupied by each particle size class - not the
number of individual particles. Dominance is where
more than half of the surface area is made up of a single
size class. The greater area taken up by larger particles
means fewer of them are required to be considered domi-
nant. Pick up representative dominant particles and
measure them to determine size class. Mark the ap-
proximate center of each size class along the transect
that meets the minimum criteria. Start with the easiest
areas to identify and tie two pieces of flagging (or color-
coded clothespins) on the tape to mark those points
(Figure 6).

Size class codes of 1 to 6 are assigned to areas of sub-
strate equal to or greater than one square meter
(1.0 m2) that is dominated by a single size class
(Table 4). Size classes 2 and 3 (shaded rows) are most
often used by salmonids for spawning. Minimum
surface area criteria can be interpreted as either 0.5

Table 4.  Transect survey particle size class criteria
and codes based on the Wentworth scale.

Particle Size Class Size Range
(mm) Size Class Code

Silt/Sand < 8 1

Small Spawning Gravel ≥ 8 - 64 2

Large Spawning Gravel ≥ 64 - 128 3

Boulders ≥ 128 4

Bedrock ≥ 1 m2 (exposed) 5

Other (LWD, Clay, Peat, etc.) ≥ 0.5 m 6
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meter wide and 2.0 meters in length, or 1.0 meter wide
and 1.0  meter long. Dominant areas that are less than
0.5 meters wide where they intersect the tape do not
qualify and are not marked as part of the identification
process at this point.

Size class codes and their particle size classes include:
1) silt/sand; 2) small spawning gravel; 3) large spawn-
ing gravel; 4) boulders; 5) bedrock; and 6) other fac-
tors. Particle size is determined by measuring across
its b-axis using calipers or a ruler (Figure 7). Of the
three axes that define the dimensions of a particle, the
b-axis is intermediate between longest and shortest axes.
After some practice, it is often possible to determine
the size class of a particle without using a measuring
device unless it is near a size class boundary. Estimates
require checking periodically to ensure accuracy.

Step 2.      Identify and mark size class boundaries.

The boundaries between size classes are often transi-
tional areas, not clearly defined lines. The transitional
areas can be defined using the confidence/default tech-
nique. Return to the easiest size class area marker first
and move one flag at a time outwards to the point where
100 % confidence is lost that the flag is still within that
size class area (Figure 8). Go to the marker at the adja-
cent size class area and repeat the process with that
flag towards the first area. The space between the flags
is the transitional area between size classes. Flags that

define a transitional area of 0.5 meters or greater must
be assessed to see if they constitute a separate size class
category. The default size class boundary is the point
halfway between the two flags. Move the flags together
at that point.

Figure 6.  Example of identifying and marking areas along the transect dominated by individual particle size classes.

Figure 7.  Particle size is determined by measuring
across its b-axis using a caliper or ruler.
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Lumping rules for non-qualifying size class area
boundaries

After patch boundaries have been identified, there are
often areas left over that do not meet minimum size
class surface area criteria. The most common places
are along the edges of the channel (Figure 9). In these
situations, the non-qualifying area must be lumped, or
added to an adjacent qualifying size class area using
the following rules:

Rule 1: Channel edge areas are lumped into the adja-
cent qualifying size class area.

Rule 2:  Within channel areas of spawning gravel (size
(size class codes 2 and 3) are lumped with adjacent
qualifying spawning gravel size class areas;

Rule 3:  Within channel areas of non-spawning gravel
(size class codes 1, 4, 5, and 6) are lumped with adja-
cent qualifying non-spawning gravel size class areas
having the closest numerical value; and

Figure 8.  Identify and mark size class boundaries using criteria and confidence/default technique.

Figure 9.  Apply lumping rules in areas that do not meet minimum size class surface area criteria.
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Rule 4:  Within channel areas bounded on both sides
by either qualifying spawning or non-spawning gravel
size classes are lumped with the adjacent qualifying
size class having the next lowest or closest numerical
value.

Rule 1 example: A sandy area (class 1) along the edge
of the channel that is less than 0.5 meters wide along
the transect must be lumped with the adjacent
qualifying area regardless of size class.

Rule 2 example:  A non-qualifying area of small spawn-
ing gravel (class 2) bounded on one side by a qualify-
ing area large spawning gravel (class 3) and on the
other by a qualifying area of boulders (class 4) must be
lumped with the large spawning gravel area.

Rule 3 example:  A non-qualifying area of large woody
debris (class 6) bounded on one side by a qualifying
area of large spawning gravel (class 3) and on the other
by a qualifying area of sand (class 1) must be lumped
with the sand area.

Rule 4 example:  A non-qualifying area of small spawn-
ing gravel (class 2) bounded on one side by a qualify-
ing area of sand (class 1) and on the other by a qualify-
ing area of bedrock (class 5) must be lumped with the
sand area. A non-qualifying area of sand (class 1)
bounded on one side by a qualifying area of small
spawning gravel (class 2) and on the other by a quali-
fying area of large spawning gravel (class 3) must be

lumped with the small spawning gravel area.

Difficult Situations

Measurement Obstructions: Measure or estimate
bankfull widths as closely as possible as if the obstruc-
tions did not exist and record the estimated accurately
in the Field Notes column (e.g., +/- 0.2 m, 0.5 m, 1.0
m, etc.). Use the confidence/default technique for
complex situations.

Step 3. Record size class width data.

Record the width measurements to the nearest 0.1 meter
and size class code for each qualifying size class area
along the transect tape (Figure 10). Width measure-
ments are recorded in the Width column and particle
size class codes are recorded in the Size Class (1-6)
column. Optional wetted channel information is re-
corded in the Dry Wet (D-W) column. Size classes that
are intersected by wetted channel edges are divided into
dry (D) and wet (W) widths (minimum 0.1 meter width).

Tape 1/Tape 2 technique (optional)

The Tape 1/Tape 2 technique provides an efficient and
accurate way for documenting and calculating size class
widths across the transect tape. Working from the zero
end of the tape, sequentially record the beginning and
ending distances of each size class to the nearest 0.1

Figure 10.  Procedure for measuring size class widths and identifying o0ptional wetted channel boundaries.
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meter along the transect tape (Tape 1 and Tape 2 (Op-
tional) columns) identified in Step 1 or 2. Tape 1 dis-
tances always identify the boundary closest to the tape’s
zero end. Tape 2 distances are repeated in the next row’s
Tape 1 column. This reflects that the ending point of
the last size class boundary is the beginning point of
the next. Size class width is calculated by subtracting
each row’s Tape 1 reading from its Tape 2 reading.

Difficult Situations

Wide or complex transects: In situations where the
number of qualifying size class areas is greater than
one transect box can record, continue recording size
class width measurements in the next box using the same
transect number.

5.3 SHA Patch Survey

The SHA Patch Survey is conducted by beginning at
the downstream boundary of the segment and collect-
ing information on individual spawning habitat patches
in the interval between the last and present transect.
Information from the SHA Patch Survey is recorded
on Form 9.3. Data is only collected on wetted channel
areas meeting the spawning habitat criteria. Working
upstream prevents turbidity caused by walking in the
stream channel from reducing visibility. This survey
requires a discharge measurement prior to collecting
data and the collection of wetted channel information
during the channel width measurement procedure de-
scribed above. Due to stream flow variability, it is im-
portant that discharge, channel width measurements,
and patch data be collected as close in time as possible.

There are three basic steps to the patch survey proce-
dure including: 1) patch identification; 2) patch and
sub-patch boundary identification; and 3) patch sur-
face area measurement. After completing Steps 1-3,
return to the Channel Width Measurement Procedure
section to establish the next transect.

Step 1:     Patch Identification.

Identify spawning habitat patches and record the patch
number in the Patch # column and either an S for small
(≥ 8-64 mm) or an L for large (≥ 64-128 mm) domi-
nant spawning gravel size class code in the DOM SG
(S-L)column for each patch. Patch numbers are recorded

sequentially in ascending order starting with number
“1.”. A patch is defined as one connected (contiguous)
spawning habitat area in the wetted channel that meets
the minimum criteria and is comprised of either small
or large dominant spawning gravel.

Patch Identification Criteria

To identify a spawning habitat patch, there are five
parameters to evaluate:  1) dominant substrate size; 2)
substrate depth; 3) water depth; 4) water velocity; and
5) patch size. Each of these parameters must meet the
minimum criteria in Table 5 for a patch to qualify. Think
of the first four parameters as shapes on separate pieces
of clear plastic outlining the area that meets each mini-
mum criteria. The patch would be the area covered by
the intersection of all four parameter shapes
(Figure 11). If the area covered by the patch meets the
minimum size criteria (1 m2), then it is included as a
spawning habitat patch in this survey.

The minimum criteria for identifying a spawning habi-
tat patch was selected as recommended by Schuett-
Hames and Pleus (1996). These minimum criteria are
broad due to the extensive variation in reported values
both within stocks and between stocks and species
(Burner, 1951; Smith, 1973; Bjornn and Reiser, 1991;
and Kondolf and Wolman, 1993).

Patch Identification Techniques

Dominant substrate size and substrate depth are the
first parameters to consider when identifying spawning

Table 5.  Minimum criteria for spawning habitat
patch parameters.

Patch Parameter Minimum Criteria

Dominant Substrate Size ≥ 8 – 128 mm

Substrate Depth ≥ 23 cm

Water Depth ≥ 10 cm

Water Velocity > Slack

Patch Size ≥ 1 m2
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habitat patches. To qualify as spawning habitat, more
than half of the surface area of a patch is made up of
either small spawning gravel (≥ 8 - 64 mm) or large
spawning gravel (≥ 64 - 128 mm). Substrate depth is
evaluated with a quick visual assessment. It is assumed
this criteria is met unless there is visible evidence to the
contrary, such as where there are indicators that sug-
gest an underlying outcrop of bedrock, a layer of im-
permeable clay, or where large boulders limit the depth
of spawning gravel.

Water depth and velocity are relatively simple to evalu-
ate. A 10 cm (0.1 meter) mark on wading boots or a
stadia rod can be used to quickly determine whether
the minimum criteria for water depth is met. To sim-
plify area measurements, patch boundaries can be ex-
tended to the wetted channel edge in situations where
the minimum water depth is met within 0.5 meters from
the edge for stream segments that average < 10 m
bankfull width or within 1.0 meters from the edge for
stream segments that average   10 bankfull width. The
water velocity criteria simply requires that the water
covering the patch be flowing. Floating a leaf or small

twig on the surface can help detect motion. Surface
movement from wind is not sufficient to meet the cri-
teria. If  in doubt, assume the water is not flowing and
move on.

After a patch of spawning habitat has been delineated
using all four criteria, it is then evaluated with the mini-
mum size criteria (1 m2). Minimum surface area crite-
ria can be interpreted as either 0.5 meter wide and 2.0
meters in length, or 1.0 meter wide and 1.0  meter
long. Often, only one parameter may prevent a patch
from qualifying. For example, a patch could be quickly
rejected because the area covered by spawning gravel
was too small or because water covering it was not
flowing.

Step 2:      Patch and sub-patch boundary
     identification.

Identify and mark patch and/or sub-patch boundaries
and record its sub-patch number (SUB Patch #), down-
stream transect number association (DWN Tran #),
and whether it is located in a side channel (SIDE Chan
(Y-N)).

The boundary of one contiguous patch is where any
one of the parameters fails to meet the minimum crite-
ria. For example, boundaries are located where the
dominant substrate changes to a different size class,
the depth is less than 10 cm, or where the water no
longer moves. Within a contiguous patch, sub-patch
boundaries are possible for a variety of purposes. Wire
stake flags are useful for marking patch and sub-patch
boundaries.

Sub-Patches

The sub-patch system allows large and complex patches
to be broken into sub-patches at reference point and
side channel boundaries, for accurate surface mea-
surement purposes, and for identifying and character-
izing cooperator-defined parameters. Divided contigu-
ous patches use the same patch number, but are as-
signed unique sub-patch numbers which are recorded
sequentially in ascending order starting with number
“1” (e.g., 1-1, 1-2, 2-1, 2-2, 2-3, 3-1, 3-2, etc.).

Figure 11.  Example of different parameters viewed
as layers and designation of a SHA patch where all
five parameters intersect.

1

2

3 4

Laye r 1  =  Dom inant Substrate S ize
Laye r 2  =  Sustrate Depth
Laye r 3  =  Wate r Depth
Laye r 4  =  Wate r Veloc ity

SHA
Patc h
> 1  m

2

> 0 .5  m



TFW Monitoring Program - November 1999

Salmonid Spawning Habitat Availability Survey23

Downstream transect and side channel association

Record the number of the nearest downstream transect
associated with the patch location along the channel.
Patches split by transect line boundaries are given the
same patch number, but different sub-patch numbers.
Record a “Y” (yes) or “N” (no) to identify whether a
patch or sub-patch is located in a side-channel. Patches
split by side channel boundaries are given the same
patch number, but different sub-patch numbers.

Patch boundary identification techniques

Start by working out from the center of the patch until
any one of the parameters fails to meet the minimum
criteria. After placing a marker at this point, continue
to follow the boundary and place more markers until
the shape of the overall patch has been outlined. If the
boundary is lost, return to where all criteria are easily
met, and work back out toward the boundary.

Patch boundaries end at any linear object that com-
pletely separates the spawning gravel. For example,
an embedded log cutting through a patch of spawning
habitat effectively acts as a boundary and creates two
patches. Each patch must meet minimum criteria indi-
vidually to be included in the survey. However, objects
that only project partly into, or span the substrate at
any point, are included in the measurable patch area.
Extend patch boundaries only where criteria can be
visually confirmed. Do not guess whether a patch ex-
tends into deep water or under cut banks or log jams.
Do not measure what is not visible, but be sure to use
the Field Notes column to describe factors affecting
the accuracy of measurement data.

In situations where patch boundaries are not clearly
defined, use the confidence/default technique. From a
known area of patch,  move outwards to the point where
100 % confidence is lost that you are still within the
patch. From the known outside area, move towards the
patch area until 100 % confidence is lost that you are
still outside the patch. The space between the flags is
the transitional area between two patches or between a
patch and non-patch area. The default patch boundary
is the point halfway between the two flags. Place a flag
at that point and repeat the technique as needed to
define the entire patch boundary.

Step 3:      Patch surface area measurement.

Patch length (Length (Total)) and width (Width (Av-
erage)) measurements are recorded for each sub-
patch. These parameters will be used as the basis of
surface area calculations in the database.

Surface area measurement techniques

Measuring spawning habitat patches requires taking
single or cumulative length (PATCH Length Measure-
ments) and several width measurements (PATCH Width
Measurements). The most common length is placed
so the area of the shape is entirely encompassed within
90 degrees of the endpoints (Figure 12).  Width mea-
surements are taken perpendicular to the baseline at
systematic intervals. A pacing technique is used to iden-
tify systematic width measurement intervals. The num-
ber of paces per width measurement varies with the
size of the patch (Table 6).

Spawning habitat patches are often complex shapes
that are difficult to measure. The key is to position the
baseline in a location that provides the easiest perpen-
dicular width measurements. In situations where the
patch is very long and goes around a bend or gravel
bar, the baseline follows the general curvature of the
patch. It may also be useful to break the patch into
several smaller units that can be measured separately
and added together later (with the help of the data-
base) to estimate the total patch area. Similar to habi-
tat units, patch surface area is divided at reference
point boundaries.

Table 6.  Guideline for minimum number of paces
per width measurement for various patch lengths.

Patch Length (m)
Minimum # Paces

per Width
Measurement

< 2.5 – 5 1

≥ 5 – 10 2

≥ 10 – 20 3

≥ 20 4+
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Figure 12.  Patch length and average width measurement techniques.
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Baseline and width measurements are most accurate
when all spawning habitat patch boundaries are easily
accessible. Natural obstacles, such as log jams and
dense vegetation, combined with field equipment limi-
tations and safety concerns, may prevent access to some
visible patch boundaries.  In these situations, measure-
ments are taken or estimated as accurately as possible,
and specific difficulties should be recorded as field notes
to indicate reduced confidence in the measurement.
These measurement limitations are part of the
variability of any field survey.
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6.  Post-Survey Documentation

After completion of the field portion of the SHA Sur-
vey, field forms need to be organized, supplemental in-
formation and calculations completed, and all forms
and information error checked before the data are ready
to be entered into the database. This includes discharge
survey forms and information. The objective of these
tasks is to organize the data to ensure that this survey
can be repeated the same way in the future by different
crews.

6.1 Finalizing Survey Forms

Organize the forms and check for missing sheets. Sys-
tematically check each SHA Survey form for complete-
ness. All blanks and boxes should contain information
or a “/” to designate that no information is available or
needed. The following list provides guidance on some
common tasks.

All Forms: Complete Page __ of __ numbering related
to form type. Count the number of total  pages sepa-
rately for Forms 9.0, 9.1, 9.2, and 9.3. The page num-
bers are filled in as used during the survey (e.g., Page 1
of __, Page 2 of __, Page 3 of __, etc.). Forms that
have been copied on both side of one sheet of paper
will count as two separate pages. The total number of
pages for that form type are filled in at the end of the
survey (e.g., Page 1 of 6, Page 2 of 6, Page 3 of 6,
etc.). Organize the field forms by type and then by page
number for easy reference. It is common to have
different totals for each type.

Form 9.1:  Calculate cumulative distances that were
not completed in the field. Calculate multiple channel
total bankfull and wetted widths for error checking
purposes.

Form 9.2:  Calculate widths based on Tape 1 and 2
distances not completed in the field.

Form 9.3:  Calculate patch total lengths and average
widths that were not completed in the field.

6.2 Error Checking

Error checking of field forms is a very important task
and sufficient time should be taken for its completion.
It is best done during or immediately after data collec-
tion because it becomes more difficult to reconcile dis-
crepancies and track down correct information as time
passes. Contact the TFW-MP for assistance in
determining how to handle missing data fields.

Review all field forms and material compiled during
the SHA Survey. Have a second person look them over
for completeness, legibility and errors. Every page of
every form requires error checking for legibility, com-
plete and consistent header information, obvious mea-
surement and transcription errors, and calculation er-
rors. Work systematically through each section and
when completed, put your initials and date in the Error
Checked by box at the bottom of each page. If the per-
son error checking the data is not a crew member, their
full name and task should be recorded in the Survey
Notes section of Form 9.0. When all field forms relat-
ing to a temperature station have been error checked,
record the initials of the responsible crew and date
completed.
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7.  Data Management

The TFW Monitoring Program offers data management
services to help cooperators quickly analyze data col-
lected with the program methods and to produce stan-
dard monitoring reports. The heart of the service is a
database system housed at the Northwest Indian Fish-
eries Commission. This database calculates parameters,
produces reports and archives electronic versions of
the data. The database is also an important archive of
monitoring data that can be used for developing study
designs and identifying control or reference sites. This
section describes the process for data preparation, data
processing and archiving, and data analysis.

7.1 Data Preparation

Before data entry can occur for the SHA Survey, some
preparation must be done. The following materials are
needed:

♦ completed and error-checked Forms 9.0, 9.1, 9.2,
and 9.3 as needed for each segment,

♦ a data entry system;

♦ a set of data entry system instructions and an
“Ambsys” data dictionary; and

♦ a copy of completed Stream Segment Identification
Form 1.0

Before the data entry process can begin, an entry sys-
tem must be selected. Choose a data entry system from
the list below and request a free copy and user’s manual
from the TFW Monitoring Program. The database has
three entry system options for survey data. These are:

♦ Microsoft Excel 4.0 pre-formatted spreadsheets;
♦ Lotus 1-2-3 (vers. 3) pre-formatted spreadsheets; and
♦ Microsoft Access 7.0 pre-formatted entry forms

Refer to Appendix D for an example of the Excel pre-
formatted spreadsheet. Select a spreadsheet format if
your data requires conversion from English to metric
units. Replace all English unit measurements with met-
ric equivalents. Read the instructions for the data entry
system and the Ambsys data dictionary, noting the field

types and data constraints (what type of data can be
entered into each field).

7.2 Data Processing, Products and Archiving

Open the section of the entry system pertaining to the
SHA Survey on your computer. You must complete the
header, width, transect and/or patch detail forms. Fol-
lowing the entry system instructions, enter the data from
Forms 9.0, 9.1, 9.2, and 9.3 as directed. After the data
has been entered and the session saved, error check the
data entry. The most efficient process for this time-con-
suming activity is to have one person read the data off
the screen and another check it with the original field
form. Save the file a final time once the accuracy of the
entered data is verified. When completed, record the
initials of the responsible crew and date on Form 9.0.

Data can be sent to the TFW Monitoring Program us-
ing several different methods. Copies of all survey field
forms and other documentation are required for
archiving and can be hand delivered, mailed, or faxed
to the program. An original or copy of a USGS topo-
graphic map is also required and can be hand deliv-
ered, mailed, or faxed. Maps must have upstream and
downstream segment boundaries marked along the
stream. If a photocopy of the map is used, make sure
the township, range, section, contour intervals, map
name, and publishing date are identified. The electronic
versions of the data can be sent via e-mail, CD, or on a
floppy disk. After the program receives the electronic
files, the data is imported into the database by a
TFW-MP staff person.

Safe and efficient archiving is also provided through
Data Management Services. The data generated by in-
dividual cooperators is archived electronically in the
database system. Hard copies of the field forms, topo-
graphic maps and supplemental information are
archived at the TFW-MP facility to meet quality as-
surance needs and to reduce the chance of loss due to
personnel changes or destruction. Access to coopera-
tor data can be limited by request. Call for information
on the data access policy.
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7.3 Data Analysis and Interpretation

Data collected during the SHA Survey is used to gen-
erate summary reports that present analyzed results
derived from calculations done by the database. The
results of data analysis are available in SHA transect
and/or patch survey segment summary reports. The
calculations that are performed by the database for the
two surveys are described below, followed by some
suggestions for interpretation of the results.

7.3.1 SHA Transect Survey Segment Summary
Report

A Transect Survey Segment Summary Report uses in-
formation from Forms 9.0, 9.1, and 9.2. The report
covers one stream segment and is divided into header
information, and surface area and percent of channel
by substrate size class summary sections.

7.3.2 SHA Patch Survey Segment Summary Report

A Patch Survey Segment Summary Report uses infor-
mation from Forms 9.0, 9.1, and 9.3. The report cov-
ers one stream segment and is divided into header in-
formation, surface area of wetted spawning habitat,
spawning habitat patch count by surface area size class,
and spawning habitat patch information summary
sections.

7.3.3 Data Interpretation

Information on spawning habitat availability can be in-
terpreted in the biological context of the salmonid spe-
cies utilizing the stream segment and in the geomor-
phic context of the relationship between spawning habi-
tat availability, stream channel characteristics, and
watershed conditions.  The following recommendations
for data interpretation are intended to provide
information that is useful in both contexts.

Spawning habitat availability data are commonly in-
terpreted based on spawning gravel size preferences of
the species or stocks present in each stream segment.
Small-bodied salmonids are defined as species that are
typically less than 35 cm long when mature, including
resident rainbow, resident cutthroat, anadromous

cutthroat, bull trout (dolly varden), brown trout, brook
trout, and kokanee, and are expected to only use small
spawning gravel (8 mm-64 mm).  Large-bodied salmo-
nids are typically greater than 35 cm when mature, in-
cluding pink, chum, coho, sockeye, steelhead, and
chinook salmon, and are expected to only use both small
and large spawning gravel (8 mm-128 mm).

The two SHA Surveys collect different types of infor-
mation. The transect survey estimates the area of po-
tential spawning habitat and the percentage of the chan-
nel dominated by the two size classes of spawning gravel
in each monitoring segment. This information can be
used as an indicator of relative spawning habitat avail-
ability for comparing stream segments, characterizing
a watershed, or identifying segments for more inten-
sive monitoring. The patch survey provides more de-
tailed information on the actual spawning habitat avail-
able in each segment at a discharge representative of
the spawning season.

Spawning habitat patch data can be used to estimate
carrying capacity for various species or stocks in each
stream segment. Carrying capacity estimates are based
on the area of available spawning habitat, the number
of potential spawning sites, and the number of eggs
that could be deposited at each site (Reeves et al., 1989;
Nickelson et al., 1992). This information can be used
to determine if the amount of spawning habitat might
be limiting salmonid production, but needs to be inter-
preted in the context of other factors limiting produc-
tion at various stages in the life cycle. The procedure is
to estimate the number of spawning sites available at
the survey discharge using a minimum redd size for the
species or stock of interest. Minimum redd size can be
taken from the literature (such as Burner, 1951) or es-
tablished by local studies. The total area of spawning
habitat with the appropriate spawning gravel size could
be divided by the minimum redd size to estimate the
number of spawning sites available in each stream seg-
ment. A more accurate estimate could be achieved with
a frequency distribution of the number of spawning
patches by size class, so patches that fall below the
minimum redd size could be excluded. These results
are interpreted with caution due to the wide range of
factors that can influence production.

Limited research indicates that spawning gravel size
and abundance varies with stream channel characteris-
tics and watershed conditions. The most important fac-
tors influencing substrate size include stream power,
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sediment supply, and hydraulic roughness produced by
bed form and LWD (Buffington, 1995). This issue is
critical for successful interpretation of spawning habi-
tat availability in the context of Watershed Analysis,
so further study is needed to improve interpretation
capabilities. In the meantime, the data analysis recom-
mended here provides a means of quantifying the rela-
tive abundance and size class distribution of spawning
gravel within stream segments, and comparing relative
spawning habitat availability between stream segments.
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